A functional ovalbumin-dextran conjugate was prepared by dry-heated storage at 60°C and 65 % relative humidity for 3 weeks. The emulsifying properties of the ovalbumin-dextran conjugate were about three times higher than those of an ovalbumin-glucose conjugate. SDS-electrophoresis patterns showed that the ovalbumin-dextran conjugate obtained by dry-heating was not as polydispersed as that obtained by cyanogen bromide-activated dextran. The average molecular weight of the ovalbumindextran conjugate was about 200,000. The excellent emulsifying properties of ovalbumin-dextran conjugate were maintained even at pH 3 and were further improved at pH 10. In addition, the emulsifying properties of the ovalbumin-dextran conjugate were greatly enhanced by preheating the conjugate at 100°C. Thus, it is suggested that an ovalbumin-dextran conjugate prepared by controlled dry-heating can be used as a macromolecular emulsifier for food applications.
Determination of the molecular weight of ovalbumindextran conjugate. 0.1% ovalbumin-dextran hybrid solution in 67mMsodium phosphate buffer (pH 7.0) was applied to a high performance gel chromatography system, connected with a TSKgel G3000 SWcolumn (Toyo Soda Co., 0.75x60cm) at a flow rate of 0.3ml/min. Elution from the columns was monitored with a low-angle laser light scattering photometer (LS-8, Toyo Soda Co.) and then with a precision differential refractometer (RI-8, Toyo Soda Co.). The molecular weight of ovalbumindextran conjugate was estimated from the ratio of total area in the peak of a low-angle laser light scattering photometer (LS) to that of a refractometer (RI) by the following equation.
where Mstd is molecular weight of standard protein, (d«/dc)std is the refractive index increment of standard protein, (d«/dc)sam is the refractive index increment of ovalbumin-dextran conjugate, (LS/RI\td is the ratio of total area in the peak of a low-angle laser light scattering to that of refractometer of standard protein, and (LS/RI)sam is that of ovalbumin-dextran conjugte. Results and Discussion suggesting the lack of a Maillard reaction. To enhance the Maillard reaction, the ovalbumindextran mixture was stored at 60°C in the weight ratio of 1 :5. A considerable browing color was observed under these conditions, reflecting the progress of Maillard reaction. Although the data are not shown, the presence ofdicarbonyl compounds was also observed in the foregoing conditions. Thus, in the case of the ovalbumin-dextran mixture, the Maillard reaction seems to occur at 60°C and 65% relative humidity. Figure 2 shows the emulsion turbidity (relative emulsifying activity) of ovalbumincarbohydrate mixtures obtained under various dry-heated conditions.
The emulsifying activity of ovalbumin-dextran mixtures was much higher than that of ovalbumin-glucose mixture or ovalbumin alone during dry-heated storage. The highest emulsifying activity was obtained by dry-heated storage at 60°C for 3 weeks of ovalbumin-dextran mixture in the weight ratio of 1 :5. The ovalbumin-dextran mixture thus obtained was applied to a column ofSephacryl S-300 (Fig. 3) . The ovalbumin-dextran mixture was apparently converted to a high molecular fraction, suggesting that ovalbumin was co- valently attached to dextran and formed ovalbumin-dextran conjugate. This was confirmed by SDS-polyacrylamide gel electrophoresis, as shown in Fig. 4 . The electrophoretic patterns of ovalbumin-dextran hybrid showed a single band for protein and carbohydrate stains near the boundary between stacking and separating gels. This indicates that ovalbumin was covalently attached to dextran and formed the conjugate. Peak 1 (fraction numbers 26 to 30 in Fig. 3 ) showed a sharper band than peak 2 (fraction numbers 31 to 36 in Fig. 3 ). On the other hand, ovalbumin-dextran conjugate prepared from CNBr-activated dextran showed broad high shown in Table I . The emulsifying properties of ovalbumindextran conjugate are demonstrated in Fig. 5 .
Peaks 1 and 2 showed higher emulsifying properties than the ovalbumin-dextran conjugate obtained by CNBr-activated dextran. As only a slight difference was observed between peaks 1 and 2, the peak of fraction numbers 26 and 36 was collected and used in the experiments described below. Figure 6 shows the effect of various pH on the emulsifying properties of the ovalbumindextran conjugate obtained by dry-heated storage. The excellent emulsifying properties of ovalbumin-dextran conjugate were maintained even at pH 3, and were further improved at pH 10. The stable emulsifying properties in the acidic pHregion are available for industrial application, because the emul- sifying properties of most commercial emulsifiers are greatly reduced at low pH region. Figure 7 shows the effect of heating the sample on the emulsifying properties of ovalbumin-dextran conjugate obtained by dry-heated storage. The emulsifying properties of ovalbumin-dextran conjugate were greatly increased by preheating the hybrid at 100°C, no insoluble matter being observed. Thus, another advantage of this ovalbumin-dextran conjugte is its heat resistance which enables it to be pasteurized.
We have reported that an ovalbumindextran conjugate prepared by CNBr-activated dextran showed good emulsifying properties superior to commercial emulsiflers.14) As described in this paper, ovalbumin-dextran conjugate prepared by dry-heated storage also showed excellent emulsifying properties in a similar manner. The latter conjugate is more suitable for industrial applications than the former, because of its preparation without chemical reagents. This con-jugate preparation can be used not only as j. Agric. FoodChem., 31, 968 (1983) .
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